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CHEMICAL, MICROBIOLOGICAL AND SENSORY
EXAMINATIONS OF DRIED LAKE TANGANYTKA SARDINE
PRESENTLY MARKETED IN ZAMBIA
KO WATANABE
Proximate composition, PH, total aerobic counts, coliform counts.
appearance and taste of dried LaKe Tanganyika sardine tLimllOlhrisso
miodon and SlolOlhrisso longollicoe) sampled at Lusaka markets were
analysed for the period July 1969 to February J970.
Water content for the dried sardine varied between 7 and 14% and
oil content between 8 and [4% according to se3son.
Flavour of the cooked sardine was scored as good to fair, which
discredits the common belid that it is poor in qual,ity.
Cooked fish scores cone!a ted poorly to the oi l con len t a nd bacterial
counts o( the dried fish.
Ko WOIOllobe, UNDP/FAO/CRZ. Cmlr{d" Fisheries Re.'earcl, IlIslill/le.
Chillli/ga. Zambia.
Present address:
Valla Lake Research Projeci. cia PAO Regional Office /01' A/rica, P.O.
Box 1628, Accra, Ghalla
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The traditional method for drying Lake
Tanganyika sardine (kapenta. ndagaa, Lim-
nOfhrissa miodon and Sfolofhrissa tanga-
nic(je) is to spread them on a sandy beach
allowing a few days for sun-drying. The
dried fish are then gathered into heaps and
packed, along with sand and stones, into jute
bags and transported to markets. The pro-
ducts thus dried have been considered Jow
in quality and regarded as poor roan's food,
but very little critical analysis of the quality
has been made.
This study examined the variation of
chemical composition, bacterial contamina-
tion. appearance of the products. and flavour
of the cooked fish. Its results form the basis
for Zambian quality standards and further-
more provide a measure of the changes in
market quality due to the introduction of
improved methods of preparation.
MATERIAL AND METHODS
Dried sardines were randomly purchased
mainly from retailers at Kabwata and Lubur-
ma markets in Lusaka. where the fish were
sold in small heaps on the retailers' stalls.
The individual heap, which generally weigh-
ed a quarter of a pound (about llO g.), was
used for each sample. The total numher or
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T a b l e 1 . N u m b e r o f s a m p l e s o f ~ardine f r o m L a k e T a n g a n y i k a b y s o u r c e a n d m o n t h :
1 9 6 9
~
+ - - - 1 9 7 0 - - . . " .
S o u r c e J u l y A u g u s t S e p t e - O c t o - N o v e -
D e c e - J a n u - F e b r u -
T o t a l
m b e r b e r m b e r
m b e r
a r y a r y
Z a m b i a ( M p u l u n g u )
4 7
1 8 1 5
1 3 9 5 1 2 8 3
- -
T a n z a n i a 2
3 I 5 6 7 3 4 3 1
C o n g o
d
0 0
1 0 0 0 0
M a l a w i ( 1 )
I 0
1
1 0 0 0 0
3
T o t a l 1 1 8
( I ) S a m p l e d a s s a r d i n e f r o m L a k e T a n g a n y i k a b u t e x c l u d e d o f t h e a n a l y s i s b e c a u s e t h e y w e r e o f d i f f e r e n t
s p e c i e s ( E n g r a u l i c y p r i s s a r d e l l a ) .
1 1 6 K O W A T A N A B E
s a m p l e s w a s 1 1 8 , c o l l e c t e d a t 1 0 - t o I S - d a y
i n t e r v a l s o v e r t h e p e r i o d J u l y 1 9 6 9 t o F e b r u -
a r y 1 9 7 0 . T h e s o u r c e s o f t h e s a m p l e s a r e
g i v e n i n T a b l e l .
T h e f i s h s a m p l e s w e r e b r o u g h t t o t h e
C e n t r a l F i s h e r i e s R e s e a r c h I n s t i t u t e i n C h i -
l a n g a . A p p e a r a n c e w a s s c o r e d i n t o t h r e e
g r a d e s o f A , B a n d C a c c o r d i n g t o t h e
s c o r i n g s c h e m e a s d e s c r i b e d e l s e w h e r e ( W A .
T A N A B E 1 9 7 1 a ) . P r o x i m a t e c o m p o s i t i o n
( A S S O C I A n O N O F O F F I C I A L A G R I -
C U L T U R A L C H E M I S T S 1 9 6 5 ) , p H ( g l a s s
e l e c t r o d e p H m e t r e ) , t o t a l a e r o b i c c o u n t s o n
n u t r i e n t a g a r a n d c o l i f o r m c o u n t s o n r e d -
v i o l e t - b i l e - a g a r w e r e d e t e r m i n e d . T h e d e t e r -
m i n a t i o n s w e r e m a d e o n w h o l e f i s h a s t h e
f i s h a r e s o c o n s u m e d l o c a l l y . T h e r e m a i n i n g
p o r t i o n s o f t h e s a m p l e s w e r e c o o k e d b y
b o i l i n g i n 2 p e r c e n t b r i n e f o r 3 0 m i n u t e s
a n d t h e f l a v o u r w a s o r g a n o l e p t i c a l l y s c o r e d
o n a l O - p o i n t h e d o n i c s c a l e ( W A T A N A B E
1 9 7 0 ) b y a s e m i · t r a i n e d p a n e l c o m p o s e d o f
f i v e t o s i x m e m b e r s .
R E S U L T S A N D D I S C U S S I O N
A v e r a g e v a l u e s o f p r o x i m a t e c o m p o s i t i o n ,
p H , b a c t e r i a l c o u n t s a n d c o o k e d f i s h s c o r e
T h e a n a l y t i c a l d a t a h a v e b e e n t a b u l a t e d
i n T a b l e 2 .
C o m p a r e d w ,
p r e v i o u s l y r e p c
E a s t A f r i c a ( L
m a r k e t e d i n Z
J e s s m o i s t u r e ,
3 p e r c e n t i l l
g a v e a 2 0 p e r
t h e Z a m b i a n
A f r i c a n o n e s . ]
c o m p o n e n t s , h o
f o r a n e v a l u a t i
v a l u e o f t h e p r <
O v e r a l l , t h e
n a t e d a s d r y , o i
m i n e r a l c o n t e n t .
T h e p H w a s
T h e t o t a l a e r
p r o d u c t s w e r e O i
c o l i f o r m count~
T h e s e h i g h bac~
d r i e d s a r d i n e s '
t h e m a r k e t s a r e
h a n d l e d . T h e i ,
c o u l d b e r e s p O I
c o u n t s . T h e c o u
n i l b y u s i n g a n
p a r i n g t h e p r o d
T a s t e a n d S I 1
w e r e s c o r e d a s I
7 . 1 ) w h i c h d i s c f l
T a b l e 3 , D i s t r i b u t i c
n u m b e r o f sample~
T a b l e 2 . A v e r a g e v a l u e s a n d r a n g e s o f p r o x i m a t e c o m p o s i t i o n , p H , b a c t e r i a l c o u n t s a n d c o o k e d f i s h s c o r e o f
d r i e d s a r d i n e f r o m L a k e T a n g a n y i k a .
N o . o f P r o x i m a t e C o m p o s i t i o n % B a c t e r i a l c o u n t s J g
C o o k e d
s a m p l e s ( 1 )
F i s h
W a t e r A s h O i l P r o t e i n p H T o t a l a e r o b i c
C o l i f o r m
S c o r e ( 2 )
M e a n 9 . 4
I I . 3 1 2 . 0 6 5 . 1
5 , 9 4
5 , 3 0 0 , 0 0 0 6 3 , 0 0 0
7 . I
1 1 5
R a n g e 6 . 2 1 0 . 7
5 . 4 5 4 . 5 5 . 5 9 2 , 3 0 0
< 1 0 1 . 0 - 9 . 2
- 1 7 . 8
- 1 6 , 8
- 2 1 . 0 - 2 0 . 6
- 6 . 3 3
- 1 7 0 , 0 0 0 , 0 0 0
- 2 , 5 0 0 , 0 0 0
( 1 ) S a m p l e s w e r e c o l l e c t e d f o r t h e p e r i o d J u l y 1 9 6 9 - F e b r u a r y , 1 9 7 0
( 2 ) S c o r e s : E x c e l l e n t 1 0 , G o o d 8 , F a i r 6 , P o o r 4 , H a l f r o t t e n 2 , R o t t e n O .
I n t e n s i t y
o f
D e f e c t
N o n e ,
N o r m a l
S l i g h t
M o d e r a t e
S i g n i f i c a n t
E x c e s s i v e
' "
, .
D j
' "
l .
' . , ;
G
1 .
-
T I O
-
- ' ) -
- - +
( ]
I
1 1
. 1
.
Defect features noted
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'.
they should be considered as poor in quali ty.
Apart from the flavour, the main complaint
made by the members of the taste panel was
that of grittiness caused by mixed sand and
stones.
Sensory tests on appearance and smell of
uncooked fish
Various organoleptic defects in appearance
and smell were recorded in terms of normal,
slight, moderate, significant and excessive
according to their intensity. The results are
summarized in Table 3.
Only 1 per cent of the samples was ex-
cessively defective. Discolouration and odour
defects were mainly responsible for the un-
desira ble features.
Brown to grey disco10uration of slight to
moderate degree was observe.d on about 65
per cent of the samples. A reddish brown
colour on low quality products was intensi-
fied on the belly side by autolysis from
intestinal enzymes which sometimes digested
the belly wall entirely. The back of the fish
discoloured dark to grey brown as the de-
terioration progressed, probably because of
melanin formation. When the fish products
were of good quality, the lateral stripe, which
became distinct when dried. showed clear
Table 3. Distribution of defect features of uncooked fish noted by intensity, shown as percentage of tolal
number of samples.
Compared with the proximate composition
previously reported on the dried sardine in
East Africa (LATHAM 1968), the products
marketed in Zambia contained 50 per cent
less moisture, 100 per cent more oil and
3 per cent more protein. This difference
gave a 20 per cent higher caloric value in
the Zambian products than in the East
African ones. Digesti bility of the chemical
components, however, should be determined
for an evaluation of the actual nutritional
value of the product.
Overall, the products were to be desig-
nated as dry, oily and proteinous with high
mineral content.
The pH was acidic at around 6.
The total aerobic bacteria counts on the
products were millions per gram of fish, and
coliform counts were tens of thousands.
These high bacterial numbers imply that the
dried sardines which are presently sold at
the markets are unhygienically prepared and
handled. The intestinal content of the fish
could be responsible for the high coliform
counts. The counts can be reduced to almost
nil by using an improved method for pre-
paring the products (WATANABE 1971b).
Taste and smell of the cooked sardine
were scored as good to fair (average score:
7.]) which discredits the common belief that
fntensity
of % % % % % %
Defect Discolou- Mixed sand [nsect Mould Odour
ration Bri I t Ieness and stones fnfestation Contami- Defects
nation
-----
None, 12.9 6.9 9.5 85.2 100.0 4.3
Normal
Slight 40.6 35.3 8.6 5. 0 28.8
--.- ----
Moderate 24.0 49 47.4 61 0 20.3
Significant 21.6 8 7 34.5 3,6 0 45.7
Excessive 09 0 0 0 0 0.9
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b l u i s h c o l o u r a n d g u a n i n e l u s t r e . O n t h e
p r o d u c t s o f p o o r q u a l i t y , t h e c o l o u r o f t h e
l a t e r a l s t r i p e c h a n g e d t o g r e y w i t h c o m p l e t e
l o s s o f i r r i d e s c e n c e .
T h e o d o u r d e f e c t s s e n s e d o n m o r e t h a n
h a l f o f t h e s a m p l e s w e r e a m m o n i a c a l , r a n c i d
a n d s t a l e o f m o d e r a t e t o s i g n i f i c a n t l e v e l .
A s t o b r i t t l e n e s s , t h e h e a d a n d t a i l p a r t
o f t h e f i s h t e n d e d t o f a l l o f f i f t h e f i s h w e r e
o f p o o r q u a l i t y , t h u s f o r m i n g d u s t w h i c h
m i x e d w i t h t h e f i s h a n d g a v e a n u n a t t r a c -
t i v e a p p e a r a n c e t o t h e m .
T h e r e w a s n o a p p a r e n t m o u l d c o n t a m i n a -
t i o n o n t h e s a m p l e s a l t h o u g h a m o u l d y s m e l l
w a s n o t e d o n s o m e o c c a s i o n s . S e v e r a l
o b s e r v a t i o n s a t w h o l e s a l e m a r k e t s r e v e a l e d
a s i z e a b l e a m o u n t o f m o u l d e d f i s h . T h u s t h e
a b s e n c e o f t h e m o u l d e d f i s h a t t h e r e t a i l
l e v e l c o u l d b e d u e t o s o r t i n g , c l e a n i n g a n d
r e d r y i n g o f t h e p r o d u c t s b y r e t a i l e r s p r i o r
t o s a l e .
A g a i n s t t h e e x p e c t a t i o n o f a h i g h i n c i -
d e n c e o f i n s e c t i n f e s t a t i o n , o n l y 3 . 6 p e r c e n t
o f t h e s a m p l e s w a s s i g n i f i c a n t l y d a m a g e d b y
t h e b e e t l e s . A g a i n , s o r t i n g a n d c l e a n i n g b y
t h e · r e t a i l e r s p r i o r t o s a l e w o u l d a c c o u n t f o r
t h e l o w i n c i d e n c e o f t h i s d e f e c t .
M o n t h l y f l u c t u a t i o n o f t h e v a l u e s
M o n t h l y c h a n g e s o f t h e p r o x i m a t e c o m -
p o s i t i o n , p H , b a c t e r i a l c o u n t s a n d c o o k e d
f i s h s c o r e s a r e c h a r t e d i n F i g . 1 a , 1 b a n d 2 .
W a t e r c o n t e n t o f t h e s a r d i n e i s c l e a r l y
i n f l u e n c e d b y s e a s o n w i t h a h i g h e r v a l u e
i n t h e w e t s e a s o n . P a c k i n g i n p l a s t i c b a g s
d i m i n i s h e s t h e v a r i a t i o n i n t h e w a t e r c o n t e n t
a n d t h e r e b y g u a r a n t e e s a m o r e u n i f o r m
q u a l i t y o f t h e p r o d u c t s a t m a r k e t s .
T h e a d c o n t e n t o f t h e d r i e d sardin~ i n -
c r e a s e d r a p i d l y f r o m A u g u s , t t o S e p t e m b e r .
T h e i n c r e a s e w a s a l s o t r u e o n a d r y w e i g h t
b a s i s s i n c e t h e c h a n g e i n m o i s t u r e c o n t e n t
w a s r e l a t i v e l y s m a l l . T h e t i m e o f h i g h e r o i l
c o n t e n t c o i n c i d e d w i t h t h e s e a s o n o f p l a n k -
t o n b l o o m i n t h e l a k e a n d w h e n t h e f i s h
w e r e w e l l f e d w i t h t h e p l a n k t o n i c s u b s t a n c e s .
T h e l o w e r o i l c o n t e n t i n J u l y t o A u g u s t a n d
J a n u a r y m a y r e f l e c t t h e d e p l e t e d s t a g e o f
t h e f i s h a f t e r t h e s p a w n i n g s e a s o n i n M a y
t o J u n e a n d N o v e m b e r t o D e c e m b e r ( K E N -
D A L L 1 9 7 1 ) .
T h u s t h e s e a s o n a l c h a n g e s i n o i l c o n t e n t
i n t h e d r i e d f i s h a t t h e L u s a k a m a r k e t " f o l -
l o w e d f a i r l y c l o s e l y t h o s e c h a n g e s i n t h e
n u t r i t i o n a l c o n d i t i o n o f t h e f i s h a t t h e l a k e .
T h i s m i g h t s u g g e s t t h a t r e a s o n a b l y e f f i c i e n t
t r a n s p o r t a t i o n a n d m a r k e t i n g m e t h o d s f o r
t h e d r i e d s a r d i n e t r a d e w e r e i n o p e r a t i o n i n
Z a m b i a , t h e l a p s e b e t w e e n t h e t i m e o f c a p -
t u r e a n d t h a t o f r e t a i l s a l e b e i n g o n e m o n t h
a t t h e m o s t .
P r o t e i n a n d a s h c o n t e n t o n a w e t b a s i s
g r a d u a l l y d e c r e a s e d t h r o u g h o u t t h e e x a m i n a -
t i o n p e r i o d , r e c i p r o c a t i n g t h e i n c r e a s e d
a m o u n t o f o i l i n S e p t e m b e r t o D e c e m b e r a n d
t h e n a f t e r t h e i n c r e a s e i n t h e w a t e r c o n t e n t .
T h e c a u s e o f r e l a t i v e l y h i g h p H v a l u e i n
J u l y - A u g u s t i s n o t k n o w n . S o m e p h y s i o -
l o g i c a l c o n d i t i o n o f t h e f i s h a t t h e t i m e o f
t h e y e a r m i g h l b e r e s p o n s i b l e f o r i t .
T h e b a c t e r i a l c o u n t s w e r e a t t h e h i g h e s t
l e v e l i n S e p t e m b e r . T h e c a u s e o f t h i s w a s
n o t c l e a r b u t t h e w e l l - f e d c o n d i t i o n o f t h e
f i s h i n t h i s s e a s o n o f p l a n k t o n b l o o m s , a n d
c o n s e q u e n t l a r g e a m o u n t o f i n t e s t i n a l c o n -
t e n t , c o u l d h a v e g i v e n t h e d r i e d p r o d u c t t h e
h i g h l o a d o f b a c t e r i a .
F l a v o u r o f t h e c o o k e d f i s h w a s s c o r e d
h i g h e r i n O c t o b e r a n d N o v e m b e r t h a n d u r i n g
t h e r e s t o f t h e e x a m i n a t i o n p e r i o d , a l t h o u g h
t h e d i f f e r e n c e w a s s m a l l .
R e l a t i o n s h i p o f c o c k e d f i s h s c o r e s t o t h e
o t h e r p a r a r n e t e r s
A m o n g a l l t h e v a l u e s e s t i m a t e d , t h e c o o k e d
f i s h s c o r e d i r e c t l y r e f l e c t e d t h e l o c a l p e o p l e ' s
p r e f e r e n c e a n d t h e a c t u a l e a t i n g q u a l i t y o f
t h e p r o d u c t s . T h e r e f o r e , a n a t t e m p t w a s m a d e
t o c o r r e l a t e t h e s u b j e c t i v e e s t i m a t e o f t h e
a p p e a r a n c e g r a d e a n d o b j e c t i v e f a c t o r s o f
w a t e r , o i l , p H a n d t o t a l a e r o b i c c o u n t s , w h i c h
m o s t l i k e l y i n f l u e n c e t h e e a t i n g q u a l i t y , t o
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P e r c e n t a g e s o f w a t e r a n d o i l , p H v a l u e s ,
a n d b a c t e r i a l c o u n t s w e r e g r a p h i c a l l y p l o t t e d
a g a i n s t t h e c o o k e d m e a t s c o r e s ( F i g . 4 ) . T h e
o i l c o n t e n t a n d t h e b a c t e r i a l c o u n t s e s t a b -
l i s h e d n o c l e a r r e l a t i o n s h i p t o t h e c o o k e d
f i s h s c o r e s a s t h e r a n g e o f v a r i a t i o n w a s
w i d e . T h u s , t h e r e i s l i t t l e h o p e o f u s i n g t h e s e
p a r a m e t e r s a s o b j e c t i v e i n d i c e s t o i n d i c a t e
t h e e a t i n g q u a l i t y o f t h e d r i e d s a r d i n e , e x -
c e p t f o r t h e b a c t e r i a l c o u n t s t h a t h a v e a
p u b l i c h e a l t h s i g n i f i c a n c e .
W a t e r c o n t e n t a n d p H s h o w e d a f a i r c o r -
r e l a t i o n t o t h e c o o k e d f i s h s c o r e s . T h e l o w e r
t h e v a l u e s , t h e h i g h e r t h e t a s t e p r e f e r e n c e .
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t h e c o o k e d f i s h s c o r e . T h e a t t e m p t w a s
a i m e d t o e v e n t u a l l y e s t a b l i s h s o m e o b j e c t i v e
a n d a s i m p l e m e a n s o f f i n d i n g t h e e a t i n g
q u a l i t y w i t h o u t a c t u a l l y e a t i n g i t . S u c h v a l u e s
s h o u l d b e m o s t u s e f u l f o r t h e p u r p o s e o f f i s h
i n s p e c t i o n s e r v i c e s .
T h e r e w a s a f a i r l y d i r e c t r e l a t i o n s h i p
b e t w e e n t h e a p p e a r a n c e g r a d e s a n d t h e
c o o k e d f i s h s c o r e s ( F i g . 3 ) . T h e p r o d u c t s
t h a t s h o w e d a p o o r e r a p p e a r a n c e g e n e r a l l y
t a s t e d w o r s e t h a n t h o s e w h i c h a p p e a r e d b e t -
t e r . T h e r a n g e o f v a r i a t i o n o f t h e c o o k e d
f i s h s c o r e s i s , h o w e v e r , l a r g e , e s p e c i a l l y f o r
g r a d e C f i s h .
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T a s t e d i s c r i m i n a t i o n a m o n g t h e t a s t e p a n e l
m e m b e r s w a s n o t v e r y c o n s i s t e n t a n d t h i s
m a y h a v e o b s c u r e d t h e r e l a t i o n s h i p s b e t w e e n
t h e c o o k e d f i s h s c o r e s a n d t h e o t h e r f a c t o r s .
T h r e e s a m p l e s o f d r i e d f i s h f r o m L a k e
M a l a w i , w h i c h w e r e s o l d a t t h e m a r k e t s
u n d e r t h e n a m e o f k a p e n t a , t h e d r i e d s a r d i n e
f r o m L a k e T a n g a n y i k a , w e r e c o l l e c t e d . T h e y
w e r e i d e n t i f i e d a s o f E n g r a u l i c y p r i s s a r d e l l a .
A l l o f t h e m w e r e g r a d e d g o o d i n a p p e a r a n c e
b u t a n u n d e s i r a b l e b i t t e r t a s t e w a s s e n s e d
a f t e r c o o k i n g a n d w e r e s c o r e d p o o r . T h e
a n a l y t i c a l d a t a o f t h e s e s a m p l e s w e r e e x -
c l u d e d f r o m t h o s e o f t h e o t h e r s w h i c h a r e
r e p o r t e d i n t h i s p a p e r .
S U M M A R Y
E x a m i n a t i o n o f t h e q u a l i t y o f d r i e d L a k e
T a n g a n y i k a s a r d i n e s a m p l e d a t L u s a k a m a r -
k e t s w a s c o n d u c t e d i n d e t a i l . T h e p u r p o s e o f
t h e e x p e r i m e n t s w a s t o o b t a i n b a c k g r o u n d
d a t a o n t h e q u a l i t y f o r f u t u r e d e v e l o p m e n t
o f q u a l i t y s t a n d a r d s f o r t h e p r o d u c t s .
T h e d r i e d s a r d i n e w e r e a n a l y s e d f o r w a t e r .
a s h , o i l a n d p r o t e i n c o n t e n t , p H , t o t a l a e r o -
b i c c o u n t s , a n d c o l i f o r m c o u n t s . T h e y w e r e
a l s o o r g a n o l e p t i c a l l y e x a m i n e d f o r a p p e a r -
a n c e a n d s m e l l f o r u n c o o k e d f i s h a n d f l a v o u r
f o r c o o k e d f i s h .
W a t e r c o n t e n t f o r t h e d r i e d s a r d i n e v a r i e d
b e t w e e n 7 a n d 1 4 p e r c e n t a c c o r d i n g t o
s e a s o n , w i t h 1 0 p e r c e n t b e i n g t h e a v e r a g e .
O i l c o n t e n t a l s o s h o w e d a f a i r l y w i d e f l u c t u a -
t i o n b e t w e e n 8 a n d 1 4 p e r c e n l .
F l a v o u r o f t h e c o o k e d s a r d i n e w a s s c o r e d
a s g o o d t o f a i r , w h i c h d i s c r e d i t s t h e c o m m o n
b e l i e f t h a t i t i s p o o r i n q u a l i t y .
C o o k e d f i s h s c o r e s c o r r e l a t e d p o o r l y t o
t h e o i l c o n t e n t a n d b a c t e r i a l c o u n t s o f t h e
d r i e d f i s h .
A C K N O W L E D G E M E N T : T h a n k s a r e d u e t o
M I " . S . C h o o n g o f o r h i s t e c h n i c a l a s s i s t a n c e .
R E F E R E N C E S
A s s o c i a t i o n o f O f f i c i a l A g I ' i c u l t u r a l C h e m i s t s
( J 9 6 5 ) . O f f i c i a l m e t h o d s o f a n a l y s i s o f t h e
A s s o c i a t i o n o f O f f i c i a l A g r i c u l t u r a l C h e m i s t s .
A s s o c i a t i o n o f O f f i c i a l A g T i c u l t u r a l C h e m i s t s ,
W a s h i n g t o n , D . C . 2 7 3 p .
K e n d a l l , R . ( l 9 7 1 ) . D e p a r t m e n t o f W i l d l i f e .
F i s h e r i e s a n d N a t i o n a l P a r k s , Z a m b i a . ( P e r -
s o n a l c o m m u n i c a t i o n . )
L a t h a m , M . C . ( 1 9 6 8 ) . H u m a n n u t r i t i o n i n T r o p i c a l
A f r i c a . F A O , R o m e . 2 5 7 p .
W a t a n a b e , K . ( 1 9 7 0 ) . T a s t e p r e f e r e n c e o f Z a m b i a n s
o n v a r i o u s t y p e s o f d r i e d a n d s m o k e d f i s h .
F i s h . R e s . B u l l . Z a m b i a 5 : ( i n p r e s s ) .
W a l a n a b e , K . ( 1 9 7 1 ) . P r o p o s e d Z a m b i a n s t a n d a r d s
f o r g r a d e s o f d r i e d s a r d i n e f r o m l . a k e T a n g a -
n y i k a . A / r . . 1 . T r u p . H y d r o b i o l . F i s h . 1 ( 2 ) :
J 2 5 .
W a t a n a b e , K . ( 1 9 7 J b ) . I m p r o v e d m e t h o d o f p r e -
p a r i n g d r i e d . s a r d i n e f r o m L a k e T a n g a n y i k a .
O c c a s i o n a l p a p e r . D e p a r t m e n t o f W i l d l i f e ,
F i s h e r i e s a n d N a t i o n a l P a r k s , Z a m b i a .
T h i . \ · p a p e r i s p u b l i s h e d b y p e r m i s s i o n o f t h e
F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d
N a t i o n s . T h e v i e w s e x p r e s s e d a r e ( h o s e o f t h l !
a u t h o r a n d d o n o t n e c e s s a r i l y c o i n c i d e w i t h t h o s e
o f t h e O r g a n i z a t i o n .
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